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I  THE  PROVED  RECOVERABLE  RESERVES  OF  CRUDE  OIL 
IN  THE  PROVINCE  OF  ALBERTA 


The  Board  estimates  the  remaining  proved  recoverable  reserves 
of  crude  oil  in  Alberta  as  of  December  31,  1966,  to  be  some  6.76 

billion  stock  tank  barrels.  The  present  estimate  represents  an 
increase  of  some  685  million  stock  tank  barrels  since  December  31, 
1965.  A  comparison  of  the  1965  and  1966  estimates  is  given  below: 

Billions  of  Stock 
Tank  Barrels 


Remaining  proved  recoverable  crude  oil 

reserves  at  December  31,  1965  6.08 

Additions  to  reserves  during  1966  0.88 

Crude  oil  produced  during  1966  0.20 

Remaining  proved  recoverable  crude  oil 

reserves  at  December  31,  1966  6.76 


The  addition  to  crude  oil  reserves  during  the  year  comprises 
some  561  million  barrels  attributed  to  new  pools  discovered  during 
1966  and  about  326  million  barrels  attributed  to  development,  re- 

a 

evaluation  or  the  introduction  of  enhanced  recovery  schemes  in 
previously  discovered  pools. 

The  most  significant  changes  in  the  1966  estimates  of  recover¬ 
able  crude  oil  reserves  occurred  in  the  pools  listed  in  the  follow¬ 
ing  table. 

Board's  Estimate 
as  of 

Dec.  31,  Dec.  31, 

1965  1966  Change 

Pool  MMSTB  MMSTB  MM STB  Remarks 

Bonnie  Glen  D-3  A  390.0  423.0  +33.0  Development  and 

re-evaluation  of 
gas  cap  -  water 
drive  efficiency 
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Board's  Estimate 
as  of 


Pool 

Dec.  31, 
1965 
MMSTB 

Dec .  31, 

1966 
MMSTB 

Change 

MMSTB 

Remarks 

Clive  D-2  A 

1.8 

16.0 

+  14.2 

Coalescence  of  the 
D-2  A  and  B  pools 
and  development  of 
area  between 

Clive  D-3  A 

8 . 3 

29  .3 

+  21 . 0 

Coalescence  of  the 
D-3  A  and  B  pools 
and  development  of 
areas  be  tween , 

Mitsue  Gilwood  A 

134.0 

168 . 0 

+  34.0 

Development  and 
re-evaluation  of 
the  efficiency  of 
drive  mechanisms 

Nipisi  Gi lwood  A 

85.2 

161 . 0 

+  75.8 

Development  and 
re-evaluation  of 
the  efficiency  of 
drive  mechanisms 

Pembina  Cardium 

1 ,690.0 

1,720.0 

+  30.0 

Re-evaluation  of 
solvent  and  water 
flood  efficiency. 
Transfer  of  pri¬ 
mary  areas  to 
water  flood 

Rainbow  Keg  River 

A 

24. 1 

78. 1 

+  54.0 

Development  and 
recognition  of 
partial  pressure 
maintenance  by  gas 

Rainbow  Keg  River 

B 

5 . 8 

113.0 

+  107 . 2 

Development  and 
re-evaluation  of 
natural  recovery 
me  ch an i sm 

Rainbow  Keg  River 

F 

0.0 

94.0 

+  94.0 

New  pool 

Swan  Hills  Beaver- 
hill  Lake  A  ,  B 

714.0 

7  72.0 

+  58.0 

Development  and 
recognition  of 
additional  water 
flood 

Swan  Hills  Beaver- 
hill  Lake  C 

70.8 

154.0 

+  83 . 2 

Water  f lood 
enhanced  recovery 
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Board's  Estimate 
_ as  of _ 

Dec  .  31 ,  Dec .  31  , 
1965  1966 

MMSTB  MMSTB 


Change 

MMSTB 


Remark  s 


Westerose  D-3 


Willesden  Green 
Cardium  A 


97 . 0 


34.0 


111.0  +14.0 


98  .  1 


+  64.1 


Re-evaluation  of 
natural  water 
drive  efficiency 

Coalescence  with 
Leafland  and  Leaf- 
land  North  and 
recogni t ion  of 
water  flood 


Confidential  and 
Undefined  Pools 


Light  and  Medium 


73.0 


169 . 0 


+  96.0 


The  term  "crude  oil"  used  in  this  report  has  its  ordinary 
meaning  and  excludes  condensate  and  natural  gas  liquids.  It  does 
not  include  synthetic  crude  oil  obtainable  from  oil  sands,  oil 
shale,  coal,  or  like  sources.  Also  excluded  from  this  assessment 
is  the  very  heavy  crude  oil  of  the  type  found  in  the  Cpld  Lake 
Ar ea  . 

The  estimates  for  crude  oil  refer  solely  to  proved  reserves 
recoverable  under  existing  economic  and  operating  conditions. 

The  proved  reserves  in  any  pool  consist  of 

(1)  the  crude  oil  estimated  to  be  recoverable  by  the 
production  systems  now  in  operation  and  from  the 
area  actually  drilled  on  the  spacing  pattern  in 
effect  in  the  pool,  as  well  as 

(2)  the  crude  oil  under  undrilled  spacing  units  which 
are  so  close  and  so  related  to  drilled  spacing 
units  that  there  is  every  reasonable  probability 
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that  this  crude  oil  will  be  produced  when  the 
spacing  units  are  drilled,  or  will  be  recovered 
from  existing  wells. 

The  reserves  attributed  to  areas  subject  to  enhanced  recovery 
operations  comprise  reserves  determined  by  established  prediction 
techniques  and,  where  applicable,  confirmed  or  modified  on  the 
basis  of  performance. 

The  crude  oil  reserves  have  been  established  having  regard 
to 

(1)  submissions  made  to  the  Board  by  industry  in  con¬ 
nection  with  the  crude  oil  reserves  hearings  held 
each  year  in  February  since  1965, 

(2)  submissions  made  to  the  Board  between  annual 
reserves  hearings  respecting  reserves  increments 
due  to  development  and  enhanced  recovery  schemes, 

(3)  independent  studies  by  the  Board  staff,  and 

(4)  data  presented  at  hearings  in  previous  years  res¬ 
pecting  maximum  permissive  rates  (MPR's)  of  produc¬ 
tion. 

For  the  purpose  of  this  report,  the  Board  has  reviewed  the 
reserves  of  pools  for  which  no  submissions  were  made  at  the  Feb¬ 
ruary,  1967,  reserves  hearing  and  has  amended  the  estimates  where 
revisions  appeared  warranted.  The  December  31,  1966,  reserves 

established  following  the  February,  1967,  hearing  and  published 
in  the  Board's  letter  dated  April  18,  1967,  to  all  operators  out¬ 

lining  "proration  data  for  crude  oil  pools"  are  the  same  as  set 
out  in  this  report. 
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Details  of  the  Board1 s  estimate  of  the  proved  recoverable 
reserves  of  crude  oil  in  the  Province  are  set  out  in  Table  1-1  and 
the  location  of  the  principal  pools  listed  in  the  table  is  shown 
in  Figure  I-l.  Table  X-l  is  subdivided  into  "light  and  medium 
crude  oil  pools"  and  "heavy  crude  oil  poolsV.  The  "light  and 
medium"  category  is  further  subdivided  into  "prorated"  pools  and 
"good  production  practice"1  pools.  Similarly,  the  "heavy" 
category  is  subdivided  into  "pools  subject  to  maximum  rate  limi¬ 
tations"  and  "good  production  practice"  pools.  Within  each  sub¬ 
division  of  the  table,  the  pools  are  listed  alphabetically. 

In  general,  heavy  crude  oil  is  defined  as  that  having  a 
gravity  of  25°API  or  less.  The  Board  has  made  exceptions  to  this 
criterion  where  appropriate,  having  regard  for  market  utilization 
of  the  crude  oil  and  purchasers1  categorization. 

Certain  of  the  pools  in  Table  1-1  have  been  allocated  proved 

reserves  attributable  to  enhanced  recovery  schemes  now  in  opera- 

*  < 

tion.  For  each  of  these  pools,  Table  1-2  shows  a  comparison  of 
the  recoverable  reserves  and  recovery  factors  before  and  after 
assignment  of  additional  reserves  attributable  to  enhanced  re^ 
covery,  for  that  part  of  the  pool  to  which  additional  reserves 
have  been  attributed. 


1Good  production  practice  -  a  classification  utilized  for  pools 

in  advanced  stages  of  depletion  or 
which  otherwise  would  be  subject  to 
severe  gas  or  water  penalties.  This 
classification  is  normally  assigned 
to  permit  improving  the  economics  of 
production  and  thus  defer  the  date  of 
ab  and  onmen  t . 
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II  THE  ESTABLISHED  RESERVES  OF  GAS 
IN  THE  PROVINCE  OF  ALBERTA 

The  Board  estimates  the  remaining  established  reserves  of 
marketable  gas  in  Alberta  at  December  31,  1966,  to  be  some  38.1 
trillion  cubic  feet,  or  the  equivalent  of  40.6  trillion  cubic  feet 
of  1,000  Btu  gas.  The  present  estimate  represents  an  increase 
on  an  actual  heating  value  basis  of  some  0.5  trillion  cubic  feet 
since  December  31,  1965. 

While  only  the  established  reserves  are  referred  to  in  this 
report,  the  Board  does  calculate  proved  and  probable  reserves  of 
gas.  The  definitions  and  inter-relationships  of  these  categories 
of  reserves  are  summarized  as  follows: 

Proved  Reserves  -  consist  of  the  gas  recoverable  from  the  area  of 

a  pool  complete  delineated  by  drilled  wells.  A  portion  of  the 

reserves  may  be  under  undrilled  spacing  units  which  are  so  close 

and  so  related  to  drilling  spacing  units  that  there  is  every 

* 

reasonable  probability  they  will  be  produced  when  the  spacing 
units  are  drilled  or  will  be  recovered  from  existing  wells. 
Probable  Reserves  -  consist  of  the  gas  estimated  to  be  recoverable 
from  a  pool  beyond  the  proved  limits  of  the  pool.  The  probable 
pool  limits  are  based  on  normal  geological  expectation. 

Established  Reserves  -  are  the  reserves  of  gas  whose  existence  and 
estimated  amount  can  reasonably  be  counted  upon.  They  include 
all  of  the  proved  reserves  and  a  judgment  portion  (usually  50  per 
cent)  of  the  probable  reserves. 

In  its  estimate  of  reserves,  the  Board  has  had  regard  for  the 
estimates  presented  by  the  industry  at  various  hearings  and  in 
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applications  submitted  to  it  during  the  year.  In  many  cases, 
these  presentations  have  provided  the  Board  with  data  previously 
unavailable  which  have  assisted  the  Board  considerably  in  making 
its  e  s  t ima  t  e  s . 

The  changes  in  the  reserves  during  the  last  year  are  sum¬ 
marized  in  the  following  tabulation. 

Actual  Basis  1,000  Btu  Basis 
(Trillions  of  Cubic  Feet) 

37.6  40.1 

1.4  1.6 

0.9  1.1 

38.1  40.6 


Remaining  Established  Reserves  of 
Marketable  Gas  at  December  31, 

1965 

Additions  to  Reserves  during  1966 

Marketable  Gas  Produced  during  1966 

Remaining  Established  Reserves  of 
Marketable  Gas  at  December  31, 

1966 


Of  the  1.4  Tcf  addition  to  initial  marketable  reserves  in 
1966,  some  1.2  Tcf  was  the  net  result  of  re-assessment  and  develop¬ 
ment  drilling,  with  the  major  re-assessments  causing  a  reduction 
of  0.6  Tcf.  The  remaining  0.2  Tcf  are  the  reserves  attributed 
to  new  discoveries  made  during  the  year  and  which  will  probably 
increase  substantially  with  further  development  drilling. 

The  Board  has  classified  the  reserves  into  solution,  associ¬ 
ated  and  n on- a s s oc i at e d  gas  reserves.  A  comparison  of  the  1965 
and  1966  estimates  of  remaining  established  marketable  gas  in 
these  categories  on  an  actual  heating  value  basis  is  presented  in 
the  following  tabulation.  Due  to  increased  knowledge,  some 
reserves  previously  classified  as  non- as s oc i at ed  are  now  con¬ 
sidered  to  be  associated  and  this  has  led  to  the  decrease  in  non- 


associated  reserves  indicated  in  the  table. 
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Classification  of  Reserves 

Dec.  31, 
1965 

£  Trillions 

Dec.  31, 
1966 

of  Cubic 

Change 

Feet) 

Solution 

3.6 

3.  3 

-0.3 

Associated 

4 . 3 

5  .  6 

+  1.3 

N  on- associated 

29  .  7 

29  .2 

-0.5 

Total  Reserves 

37  .  6 

38  .  1 

+  0.5 

The  more  significant  changes  in  the  1966  estimate  of  initial 
established  marketable  gas  reserves  have  occurred  in  the  following 
areas  . 

Board's  Estimate  as  of 


Field  or  Are  a 

Dec.  31, 
1965 

Dec.  31, 
1966 

Change 

Pool  or  Zone 

(Billions 

of  Cubic 

Feet) 

Remarks 

Crossfield 
Wabamun  A 

680 

870 

+  90 

Additional  drilling 
and  re-evaluation 

Crossfield  East 
Wabamun  A 

370 

610 

+  240 

Additional  drilling 
plus  transfers  from 
Olds  and  Lone  Pine 
Creek  areas 

F  e  r  r  i  e  r 

Cardium  E 

.<10 

300 

+  300 

Several, new  wells 
drilled  and  iso- 
p  ached 

Gold  Creek 
Wabamun  A 

450 

400 

-50 

Additional  drilling 
reduced  areal  extent 

Kaybob  South 
Beaverhill  Lake 

15 

110 

+  95 

Additional  drilling 
increased  areal 

extent 

P  emb in  a 

Card ium 

1  , 120 

880 

-240 

Restudy  and  re- 
evaluation  of  data 

Pine  Creek 

D-3 

330 

200 

-130 

Reduced  areal  extent 
and  recovery  factor 

Savanna  Creek 
Rundle  A 

400 

200 

-200 

Re-evaluation  and 
consequent  reduction 

of  pool  volume 


The  five  pools  with  the  most  substantial  changes  in  initial 
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marketable  reserve  estimates  are  discussed  further  in  the  follow¬ 
ing  paragraphs . 

Crossfield  East  Wabamun  A  Pool  reserve  estimate  has  increased 
from  370  Bcf  as  of  December  31,  1965,  to  610  Bcf  as  of  December  31 

1966.  During  the  year,  two  wells  were  drilled  and  isopached  as 
part  of  the  Pool  along  with  wells  formerly  in  the  Olds  and  Lone 
Pine  Creek  areas  and  this  led  to  a  substantial  increase  in  the 
proved  areal  extent  of  the  pool. 

Ferrier  Cardium  E  Pool  reserve  estimate  has  increased  substan 
tially  due  to  the  completion  of  several  new  wells  during  1966.  A 
reserve  estimate  of  insignificant  volume  on  December  31,  1965, 

amounted  to  300  Bcf  at  the  end  of  1966. 

Pembina  Cardium  solution  gas  reserves  have  been  re-evaluated. 
After  considering  the  data  and  conclusions  submitted  by  Pan 
American  Petroleum  Corporation  with  the  restudy  prepared  by  the 
Board  staff,  the  initial  marketable  gas  reserves  were  reduced  to 
880  Bcf.  The  greater  part  of  the  reduction  results  from  revi¬ 
sions  in  the  interpretation  of  the  initial  solution  gas-oil  ratio 
and  the  reservoir  loss. 

Pine  Creek  D-3  Pool  reserve  estimate  has  been  reduced  from 
330  Bcf  for  the  year  ending  December  31,  1965,  to  200  Bcf  at  the 
current  year  end.  The  reduction  is  due  primarily  to  a  decrease 
in  areal  extent  resulting  from  geological  re-evaluation  and  a 
decrease  in  the  recovery  factor  from  50  per  cent  to  40  per  cent 
as  the  result  of  unfavourable  production  performance. 

Savanna  Creek  Rundle  A  Pool  reserve  estimate  has  been  re¬ 
evaluated  due  to  the  disappointing  production  history.  The 
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reduction  in  reserves  of  200  Bcf  from  the  400  Bcf  assigned  for  the 
year  ending  December  31,  1965,  was  made  through  a  reduction  in  the 

pore  volume  assigned  to  the  pool. 

The  Board  estimates  of  established  reserves  of  gas  are 
presented  in  Table  II-l.  The  reserves  are  tabulated  by  fields 
or  areas.  Within  each  field  or  area,  pools  having  initial  market¬ 
able  reserves  of  50  Bcf  or  greater  are  shown  separately  and  the 
reserves  of  the  remaining  pools  in  the  field  are  grouped  by  zone. 
However,  the  table  does  not  show  reserves  by  field  or  area  where 
the  initial  marketable  reserves  total  less  than  10  Bcf  unless  the 
reserve  is  supplying  a  market.  In  addition  the  table  does  not 
show  reserves  by  field,  area  or  zone  where  the  data  used  in  cal¬ 
culating  the  reserves  are  confidential.  The  sum  of  the  reserves 
for  such  non- p r odu c in g  fields  or  areas  having  an  initial  market¬ 
able  reserve  of  less  than  10  Bcf  and  the  sum  of  the  reserves  of 

confidential  fields,  areas  or  zones  are  shown  at  the  end  of  the 

*  * 

table  and  are  included  in  the  provincial  total.  The  fields  and 

areas  contained  in  Table  II-l  are  shown  on  the  map  included  in 
Figure  II-l. 
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III  THE  ESTABLISHED  RESERVES  OF  NATURAL  GAS  LIQUIDS 

IN  THE  PROVINCE  OF  ALBERTA 

Natural  gas  liquids  are  defined  in  The  Oil  and  Gas  Conserva¬ 
tion  Act  as  "propane  s  butanes  or  pentanes  plus  5  or  a  combination 
of  them,  obtained  from  the  processing  of  raw  gas  or  condensate." 
For  the  purposes  of  this. report,  condensate  recovered  in  stock 
tanks  and  marketed  without  processing  is  included  in  the  reserves 
of  pentanes  plus  and  hence  natural  gas  liquids.  Also  included 
in  the  pentanes  plus  category  are  higher  vapour  pressure  products 
containing  substantial  quantities  of  butanes  that  are  recovered 
at  several  plants  throughout  the  Province. 

The  Board  estimates  the  remaining  established  reserves  of 
natural  gas  liquids  in  the  Province  as  of  December  31,  1966,  to 

be  some  1,258  million  barrels.  This  is  essentially  the  same 
figure  as  the  1,261  million  barrels,  estimated  as  of  December  31, 
1965.  The  changes  in  the  reserves  during  the  last  year  are  sum¬ 
marized  in  the  following  tabulation. 


Millions  of  Barrels 


Pentanes 

rop  ane 

Butanes 

Plus 

Total 

Remaining  Established  Reserves 

of  Natural  Gas  Liquids  at 

December  31,  1965 

356.2 

233.6 

671.3 

1,261.1 

Addition  to  Reserves  during 

1966 

40.4 

+  29  .  6 

-26.4 

43.6 

Production  during  1966 

11  .  6 

7 . 4 

28 . 1 

47 . 1 

Remaining  Established  Reserves 

of  Natural  Gas  Liquids  at 

December  31,  1966 

385 . 0 

255 . 8 

616.8 

1  v,  2  5  7  .6 

The  reserves  of  natural  gas 

1 iquids 

consist 

of  liquids  esti- 

mated  to  be  recoverable  from  the  Province's  established  gas 
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reserves  by  processing  to  the  extent  that  facilities  have  already 
been  installed,  or  where  processing  facilities  are  not  yet  in 
operation,  to  the  extent  that  the  Board  has  knowledge  of  plans  for 
the  installation  of  such  facilities,  or  to  the  extent  that  facili¬ 
ties  will  be  necessary  to  render  the  gas  marketable. 

The  estimates  have  been  prepared  by  applying  the  average 
liquid  recovery  ratio  to  the  remaining  established  marketable 
reserves  of  that  pool.  The  average  liquid  recovery  ratios  have 
been  estimated  on  the  basis  of  history  wherever  fields  have  been 
producing  for  a  reasonable  length  of  time.  Where  plants  are  in 
the  planning  or  construction  stage  or  have  been  operating  for  only 
a  short  time,  the  rates  have  been  based  on  submissions  presented 
to  the  Board  in  support  of  applications  under  section  38  of  The 
Oil  and  Gas  Conservation  Act,  or  on  the  Board's  general  knowledge 
of  plans  for  future  processing  plants  in  the  Province.  Changes 
in  the  composition  of  gas  being  processed  and  the  recoveries 
expected  from  any  particular  pool  have  been  based  on  the  available 
reservoir  fluid  studies. 

The  increase  in  propane  and  butanes  reserves  during  1966 
results  from  the  expected  addition  of  fractionation  facilities  to 
process  the  gas  reserves  connected  to  the  Waterton  and  Olds  gas 
processing  plants,  to  the  expected  recovery  from  the  Lookout  Butte 
gas  reserves,  and  from  an  increase  of  the  gas  reserves  connected 
to  the  Judy  Creek  gas  processing  plant.  The  decrease  in  pentanes 

plus  reserves  is  attributed  mainly  to  the  re-assessment  of  the 
recovery  from  the  Gold  Creek  gas  reserves. 

The  more  significant  changes  in  the  1966  estimate  of  remaining 
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re  serve  s 


Plant  or 


occurred  in  the  following  plants  or  areas. 

Board's  Estimate  as  of 

Dec .  31 ,  Dec .  31 , 

1965  1966  Change 

Area  _ (Millions  of  Barrels) 


Remarks 


Propane 


Judy  Creek 

43.3 

52.4 

+  9  .  1 

Increase  in  gas 

reserves 

Lookout  Butte 

- 

4.8 

+  4.8 

Anticipated  recovery 

Nevis 

8 . 6 

5.3 

-3.3 

Decrease  in  gas 

re  serve  s 

Olds 

• 

3 . 4 

+  3.4 

Installation  of 
propane  recovery 
facilities 

Pembina 

34.3 

25.4 

-8 . 9 

Decrease  in  gas 
reserves 

Waterton 

— 

9  .  1 

+  9  .  1 

Ins tallat ion  of 
propane  recovery 
facilities 

Butanes 

Judy  Creek 

25.3 

30 . 8 

+  5.5 

Increase  in  gas 
r e  se  rve  s 

Lookout  Butte 

- 

5 . 2 

+  5 . 2 

Anticipated  recovery 

Olds 

3 . 1 

+  3.  1 

Installation  of 
butanes  recovery 
facilit ies 

P  emb in  a 

28 . 4 

21.1 

-7  .  3 

Decrease  in  gas 

reserves 

Waterton 

10.3 

+  10.3 

Installation  of 

butanes  recovery 
facilities 


Pentanes  Plus 

Fe  r r ier 


9 . 0 


+9.0  Recently  developed 
gas  reserves 

Decrease  in  pentanes 
plus  recovery  ratio 


Gold  Creek 


-63.2 
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Board's  Estimate  as  of 


Plant  or  Area 

Dec  .  31  , 

1965 

Dec.  31, 
1966 

Change 

Remarks 

Pentane  s  Plus 
(C  on t ' d  ) 

H  ar ma 1 1  an 

77.0 

74.5 

-2.5 

Decrease  in  pentanes 
plus  recovery  ratio 
and  decrease  in  gas 
reserves 

Judy  Creek 

12.8 

15 . 6 

+  2.8 

Increase 

reserves 

in 

gas 

P  emb ina 

29 . 0 

22 . 0 

-7 . 0 

Decrease 

res e  rve  s 

in 

gas 

Rimb  e  y 

60.0 

56 . 4 

-3.6 

Decrease 

re  serve  s 

in 

gas 

Water  ton 

58 . 3 

63 . 7 

+  5.4 

Increase 

re  serve  s 

in 

gas 

West  Whitecourt 

54.0 

57  .2 

+  3.2 

Increase 

re  serve  s 

in 

gas 

Details  of 

the  Board' 

s  current 

e  s  t imat e 

of  the  e 

stablished 

reserves  of  natural  gas  liquids  are  presented  in  Table  III-l. 

The  table  does  not  show  individually  fields  having  reserves  of 
less  than  five  million  barrels  or  reserves  in  confidential  pools 
but  the  sum  of  these  reserves  is  included  under  "Other  Reserves" 
and  in  the  Provincial  total. 

The  Board  recognizes  that  additional  natural  gas  liquids 
could  be  recovered  from  the  currently  established  reserves  of  gas 
when  it  becomes  economic  to  install  the  required  additional  gas 
processing  facilities.  However,  it  has  not  in  this  report  attemp¬ 
ted  to  estimate  the  additional  recoverable  reserves  nor  the  parti¬ 
cular  sources  from  which  they  may  come. 


7  0 


<C 
I — 

o 


in  in  cm 

CM 

m 

CTV 

O 

O 

crv  ■«—  00 

CO 

VO 

0 

ON 

vo 

00 

-J- 

CM  vo 

•  •  « 

• 

0  a 

• 

«  4 

• 

•  •  « 

• 

• 

• 

• 

• 

• 

• 

0 

•  a 

00  0  vo 

in 

CO  --t- 

O  (TV 

O 

O  ^  -r- 

VO 

vo 

ON 

CO 

CO 

c^- 

vo 

0 

t>-  CO 

CO 

C\J  9— 

co 

CO  CO 

CO 

CO 

LTV  O- 

in 

co 


CO  CO 
Q  —I 


ZD  OC 

cyoc 


CO 

l u 


CO 

CO  CM  (TV 

(TV 

O  O 

0 

vo  crv 

in 

crv  co  co 

in 

VO 

0 

(TV 

c^- 

vo 

CO 

O-  CO 

ZD 

•  •  « 

• 

•  « 

• 

•  « 

• 

•  •  « 

• 

• 

• 

9 

a 

• 

• 

* 

0  0 

_J 

Q_ 

O  O  9— 
9-- 

CM 

CO 

£ 

co 

CO 

[>-  CO  0 

CM 

VO 

crv 

CO 

CO 

C-- 

vo 

CM 

CO  0 
CO 

i n 


vo 

VO 


— J  o 

CQ 

<  CO 

oc  ^ 

LU  o 
>  — 
O  —I 
CD  _I 
UJ  — 

cr  21 


CO 

UJ 

CT\  T—  CT\ 

<n 

0  c- 

Ln  (TV 

u- 

CM  C"- 

CO 

cm  in 

.  .  . 

• 

•  « 

• 

•  9 

• 

•  •  a 

• 

• 

9  a 

<c 

*-  0  *- 

00 

in 

<r» 

t>-  (TV 

0- 

VO  O  0 

CO 

0  in 

1 — 

— 1 

*- 

T-  -T- 

(TV 

UJ 

z: 

CO  CM 

■=*- 

*3-  CO 

CM 

Ln  vo 

, _ 

CO  J-  CO 

0 

CM 

co  co 

<c 

•  9  « 

• 

•  « 

« 

•  « 

• 

•  9  « 

9 

• 

9  a 

•V 

Q_ 

in  0  cm 

00 

in  in 

T- 

(TV  9— 

^ — 

VO  O  O 

00 

in 

CO  CM 

CO 

O 

or 

— 

CM 

t—  CM 

in 

CM 


in 

co 


cr 

UJ 

co 


UJ 

„ — . 

LU 

O 

O  O 

O  O 

0  0 

OOO 

0 

0 

0 

0 

O 

O 

O 

0 

CD 

CD 

2:  co 

9 

•  0 

•  9 

%  9 

•  9  9 

9 

9 

9 

9 

9 

0 

9 

9 

LU 

CO  <C 

<  ZD 

(TV 

O  O 

in  in 

0  0 

crv  0 

0 

0 

0 

in 

CM 

O 

CO 

CM 

CD 

O  CD 

h~  — J 

1 — 

CM  CM 

in  cm 

CM  CM 

CM  CO 

CO 

9— 

T— 

u- 

CM 

CO 

<c 

h— 

cr 

UJ 

CQ 

<c 

Ll. 

o 

UJ 

cd 


in 


I —  LU 
<  _J 
CT  CD 

s  s 

UJ 

>  x 
°  < 
CD  2: 
LU  — 
CT 

Ll 

Q  O 


CO 

UJ 

;z 

<c 

I — 
ZD 
CQ 


OOO 


1-COO 
CM  9—  CM 


CD  O 


9 —  o 
CM  CO 


o  in  o 


000 

T—  vo 


o 

CO 


o  o 

O  o 

O  VO 


> 

O 

ZD  2: 

—  -J 

LU 

<r 

OOO 

O  O 

O  O 

0  in  0 

0 

0  0 

or 

-J  CQ 

Q_ 

9  9  9 

9  9 

9  9 

9  9  9 

9 

a  9 

a. 

CQ 

O 

CO  U-  vo 

CO  !>- 

CO 

9—OO 

0 

CO  CO 

UJ 

cr 

Q_ 

CM  CM  CM 

CM  CO 

9—  9— 

9— 

in 

9—  CM 

CQ 

<c 


CO 

O 


O' 


CO 

<c 

CD 


or 


CQ  < 

<C  or 

I —  ZD 
UJ  \— 

< 

cr  2  li- 

<  o 

21  Ll.  QO 

O 

CD  | 

2:  CO 

—  UJ  CO 

z  >  < 

—  CC  CD 

<  LU 

2:  CO 

LU  UJ 

cr  cr 


VO  00  CO 

vo  00 

CO  VO 

vo  1—  1— 

CO 

0 

9— 

0 

•C—  * - 

vo  crv 

co  in 

[>-  crv 

9—  CM  9— 

vo 

0 

(TV 

0 

0 

CM  [>- 

in 

CM  9— 

vo  co 

vo  co 

vo 

CO 

CO 

CM 

9 - 

0  crv 

o 

co 


UJ 

cr 

o 

Z 

cr 


CD 

CD 

< 

cr 

3 


or 

LU 

LU 

_j 

“D 

O 

LU 

DT 

CQ 

3 

CO 

< 

<c 

z 

z 

Q 

Z 

O 

Z 

Z 

LU 

— 1 

-J 

c 

O 

<c 

Z 

< 

UJ 

< 

<c 

or 

— 

Z 

— 

< 

— 

— J 

— 

— 

-J 

-J 

X 

< 

CL 

CL 

CL 

CL 

CD 

_J 

-J 

X 

<r 

CL 

UJ 

CL 

O 

Q_ 

CL 

LU 

— 

__ 

— 

CQ 

— 

cr 

— 

z 

— 

— 

DC 

X 

X 

CD 

z 

Z 

CD 

z 

0 

CD 

z 

< 

CD 

CD 

CO 

cr 

cr 

CD  LU 

LU 

3 

3 

CD 

3 

Z 

CD 

3 

CD 

CD 

— 

„ — . 

O 

0 

O 

Ul 

LU 

—  _J 

-J 

z 

— 

— 

_ 

cr 

— 

z 

3 

— 

— 

-J 

CO 

LU 

3 

3 

3 

> 

> 

CD  O 

O 

< 

O 

CD 

Q 

— 

CD 

<: 

CD 

CD 

CQ 

a 

0 

O 

c 

< 

CD  Z 

Z 

CO 

cr 

CD 

cr 

< 

CD 

CQ 

CD 

CD 

09 

<C 

O 

LU 

LU 

LU 

UJ 

—  3 

3 

c 

< 

_ 

c 

_j 

— - 

c 

— 

— . 

— 

1 — 

rM 

-J 

— J 

CQ 

CQ 

21  cr 

or 

3 

0 

21 

CD 

CQ 

2: 

IS 

2: 

2: 

21 

CO 


X 

h 

X 

z 

O 

0 

z: 

h- 

h" 

CD 

X 

< 

LU 

z 

UJ 

LU 

Ul 

LU 

LU 

cr 

LU 

UJ 

Ul 

O 

O 

sr 

I 

<c 

-J 

c 

cr 

X 

CD 

_J 

-J 

u 

X 

Z 

Z 

CD 

cr 

— J 

0 

0 

X 

UJ 

Ul 

X 

CO 

c 

< 

or 

< 

— 

—> 

— - 

X 

X 

h- 

H- 

0 

LU 

Q- 

0 

z 

z 

«< 

X 

X 

LU 

0 

z 

h- 

H- 

_ 

cr 

0 

0 

1- 

CD 

CD 

Z 

— 

> 

X 

c 

C 

CD 

Z 

Z 

<c 

CD 

CD 

CD 

CD 

CD 

O 

X 

CD 

0 

0 

Z 

Z 

— 1 

z 

LU 

Nl 

X 

X 

X 

O 

O 

CD 

X 

_J 

_J 

-J 

X 

X 

LU 

0 

_J 

c 

< 

< 

X 

X 

O 

X 

— 

0 

0 

c 

< 

— 

CQ 

CD 

0 

0 

0  CD 

CD 

LU 

Ll. 

CD 

CD 

CD 

ZJZ 

ni 

U_ 

— 

X 

_ _ _ 

Z 

X 

5— 

— «» 

X 

X 

— - 

O 

— 

— - 

-J 

X 

CD 

_J 

X 

z 

CD 

CD 

X 

X 

^ . 

CO 

«< 

_ . 

_ 

X 

CM 

1- 

X 

z 

■< 

X 

X 

- — * 

6 

h- 

1 — 

— 

0 

H* 

CD 

Z 

— 

>- 

C 

z 

CD 

CD 

CD 

O 

X 

CD 

0 

?* 

— ^ 

z 

X 

X 

O 

CD 

X 

_l 

1  _j 

X 

—i 

0 

c 

< 

X 

O 

X 

— 

1  0 

<c 

Q_ 

CQ 

CD 

CD 

CD 

LU 

Ll. 

CD 

1  CJ 

DC 

-71- 


I — 
Q 


CO  CO 

CO 

LU 

CD  _J 

GO 

—  LU 

<c 

ZD 

zd  or 

H— 

— J 

cxcc 

2: 

Q_ 

—  -c 

LU 

_J  CO 

Q- 

LU  LL. 

— 1  O 

CQ 

CO 

<  CO 

LU 

cc  ^ 

2 

LU  O 

<C 

>  — 

1— 

O  _J 

13 

O  —1 

CQ 

LU  — 

cc  5: 

LU 


<C 

Q_ 

O 

oz 

Q- 


U" 

CA 

O  CTV 

CO 

\D  KO  IT- 

CO 

O 

O 

y)  CO  Ifl  4'  CO  J" 

in 

CO 

LTV  •>—  CPij 

in 

t- 

U" 

0-  co  o| 

cr\ 

VO 

in  vx> 

CO 

<M  CNJ  •=— 

VO 

CO 

O 

V£>  O  r—  >7—  O  O 

0 

0 

*-  0  vol 

co 

<n 

00  co  H 

CM 

VD 

CTV 

*- 

CM 

CO 

CM 

CM 

U)| 

VO 

00  00 1 

CTV 

O 

vo  O 

VO 

Vfi  ^  c^ 

O 

O 

O 

CO 

CM  CO  t-  *— 
*  OOOO 

°. 

CO 

LHr-  J- 

O 

CO 

VO 

CO  J-  CM| 

T- 

O  T- 

Ln 

CM  CM  x — 

VO 

LA 

O 

0 

- 

CO 

t—  O  O 

CM 

C'- 

1—  tH 

— 

CM 

5— 

— 

CM 

CM 

—  <*>1 

CO 

O 

D*-  9— 

CO 

CO 

CM 

0~\  x— 

LALA-r-r- 

CM 

▼— 

X— 

, _ 

(TV 

v  _ 

00  CM  9— 

K _ 

• 

• 

a  a 

• 

• 

• 

•  0 

«  0  •  a 

• 

0 

1  1  « 

• 

• 

0 

•  •  0 

0 

CM 

CO 

O  CM 

O 

LA 

CM  O 

0000 

J- 

CO 

5— 

CO 

(TV  CM  CO 

O 

CM 

CO 

CM 

CM 

CO 

c^- 

CTV 

0-  CO 

u- 

LA 

CO 

4-CMcOVOt- 

CM 

CO 

U“ 

.4- 

CTv 

r-CM  M 

• 

0 

0  « 

0 

0 

0 

«  •  ■  •  « 

a 

• 

• 

1  1  « 

0 

• 

m 

®  •  J 

*=t 

u- 

co  00 

CM 

in 

<=r 

c 00000 

O 

LA 

CO 

LA 

LA 

X— 

-7-  LA  LA] 

CO 

LA 

X — * 

CM 

CM 

CMj 

CO 

LU 


CO 
GO  <C 

2:  co 
<c  0 

O 

0 

0 

• 

0  0 

•  9 

OOO 

000 

O 

• 

O 

9 

O  O 

1 —  __ J 

4*" 

VO 

CM  O 

CO  CO  4- 

CO 

O 

f— -  UJ 
<  -J 
QZ  CD 

£  s 

z:  q_ 

LU 

a_ 

co 

CM  CM 

«r— 

LA 

LU  M 

LU 

O 

0 

O  O 

O 

O 

>  CC 

• 

• 

0  9 

0 

9 

°  ^ 
O  SI 
LU  ■ — - 

cc 

<c 

1 — 

0 

CQ 

VO 

CM 

CO 

CO  CM 

u-  u- 

O 

CM 

CO 

ll. 
Q  O 


O 

0 

0 

0 

OOO 

0 

OOO 

O 

O 

0 

O  O 

• 

e 

0 

0 

•  0  • 

• 

0  0  • 

9 

0 

0 

0  0 

CO 

CO 

00 

O-  VO  VO 

CO 

CO  CM  CO 

CO 

O 

(T\ 

co  c r\ 

9 — 

■« — 

* — 

* — 

LA 

CM 

CM 

u- 

CM 

CO 

OOO 

O 

0 

0 

0 

0 

O 

0 

OOO 

0  0  0 

• 

1 

V 

• 

0 

0 

0 

•  9  9 

LA  VO  *— 

X — 

CO 

X — 

CM 

CTV 

VO 

0 

VO  00  CTv 

*=t 

* — 

* — 

X — 

CM 

CO 

X —  x —  X — 

ZD  2T 

—  _J 

LU 

<C 

O 

0 

O 

0 

O  O 

0  0 

O 

0 

O 

* 

OOOOOO 

0  0  0  9  0  9 

O 

9 

0 

9 

O 

9 

0 

0 

OOO 

0  9  9 

_ 1  co 

CQ 

Q_ 

O 

O 

O  LA 

O 

CM 

VO  CO  r-  CO  r-  4 

CO 

LA 

VO 

0 

CO  0  c*- 

O 

CC 

Q_ 

51 

VO 

C^-  t>- 

U- 

CT\  [>-  *r—  x— 

* 

CO 

CM 

9—  CO  CM 

4t* 


CQ  < 
<C  QZ 


LU  h— 

D2  < 

az  l 

<c  O 

51  Li_  CQ 
O 

C3  | 

2:  co 

—  LU  CO 

;z  >  <c 

—  CC  CD 
<C  CU 

5:  CO 
LU  LU 
CC  CC 


oj  cr\  c\J  v— 

t>~  u-  co  la 

u-  cm  u- 


LlI 

CC 

o 

z 

cr 


VO)  0  0 

00 

0 

CM  CM 

X —  VO  CM  CM 

CM  0  CM 

CO 

0 

00 

C^- 

9-  U-  X—  r- 

CO  [>-  - — 

CO 

U" 

CO 

LA 

-r-  u-  t-  r- 

vo  00  CM 

CM  x—  O- 


LA  00  CO 
9—  [>-  LA 
VO  v—  OV 


CO 


<c 


UJ 

UJ 

UJ 

0 

CQ 

3 

-< 

<: 

<c 

2 

2 

2 

a 

2 

2 

O 

_J 

— J 

< 

<c 

< 

UJ 

< 

2 

— 

— 

— 

_ 1 

— 

c 

_l 

u 

CL 

CL 

CL 

CL 

CL 

/ — \ 

u 

_l 

CL 

CL 

CL 

0 

CL 

CL 

u 

O 

X 

X 

X 

CO 

CO 

CO 

CO 

CO 

c 

o: 

cc 

cc 

CO 

C/5 

CO 

CO 

CO 

o: 

UJ 

u 

UJ 

_ 

_ 

_ 

3 

_ 

_ 

LU 

0 

> 

> 

> 

CO 

CO 

CO 

2*: 

CO 

00 

2! 

_j 

■< 

<: 

«£ 

CO 

CO 

CO 

CO 

CO 

O 

0 

UJ 

UJ 

UJ 

_ 

_ 

I'M 

c_> 

CQ 

CQ 

CQ 

E 

2: 

2 

2: 

2: 

O 

O 

3 

3 

O 

LU 

8 

2 

c 

-J 

_J 

X 

— 

UJ 

CL 

O 

O 

LU 

LU 

LU 

UJ  > 

X 

2 

2 

2 

CC 

CC 

X 

X  — 

— 

< 

<C 

C 

0 

0 

O 

2 

0  QC 

CO 

_ 

Z 

Z 

3 

Z 

5 

CO 

2 

3 

3 

i~r~ 

X 

X 

z 

x  >- 

_ 

— 

0 

0 

O 

O 

O 

’2C 

— 

— 

c 

—  u 

Q 

CO 

3 

3 

3 

3 

> 

CO 

CO 

<C 

c 

<c 

CO 

c  u 

X 

CO 

Q 

Q 

Q 

Q 

LU 

_ 

__ 

_J 

_J 

c 

_J  UJ 

<c 

— 

UJ 

LU 

LU 

UJ 

O 

2 

CQ 

CQ 

CQ 

CQ  CQ 

0 

2: 

_ 1 

X 

t — 

LU 

h- 

CO 

3 

LU 

<C 

O 

S 

-J 

>- 

>- 

X 

<c 

0 

CO 

CO 

0 

LU 

LU 

H* 

LU 

2 

u 

a 

Q 

2 

LU 

DC 

CD 

3 

QC 

c 

CO 

u 

2 

2 

LU 

H- 

O 

UJ 

z 

O 

<C 

_J 

— 

3 

3 

CO 

I- 

3 

C 

UJ 

CO 

co 

u 

zz 

O 

O 

a 

3 

CQ 

> 

X 

QZ 

QZ 

LU  U 

— 

Q_ 

a_ 

0 

CQ 

1 

CD 

1 

LU 

LU 

O 

UJ  _J 

zz 

-< 

0 

X 

O 

X 

2 

<S) 

CO 

X  — 

_ 

O 

0 

IS 

*— 

LU 

H* 

LU 

c 

X 

UJ 

UJ 

0 

0 

CD 

CC 

cd  m 

z 

2 

2 

2 

UJ 

1 

3 

X 

h 

2 

2 

LU 

h- 

_J 

X 

X 

— 1 

<c 

< 

UJ 

0 

O 

LU 

CO 

h- 

| 

UJ 

_ 

_ 

X 

-a: 

O 

LU 

u 

LU 

CO 

>-  2 

0 

X 

x 

O 

3 

2 

_ 

H 

2 

DC 

X 

CO 

CO 

0 

s 

LU 

h 

h 

CO 

Q  C 

CO 

X 

Z 

Z 

X 

O 

O 

Z 

> 

LU 

2 

O 

CO 

0 

0 

Z 

2 

0 

z 

CO 

CO 

Ll_ 

3 

3  2 

__ 

3 

3 

< 

LU 

O 

_ 

UJ 

H 

LU 

•< 

X 

_ 

_i 

LU 

_ 

LU 

0 

LU 

LU 

□z 

-0  co 

> 

”D 

D 

CO 

— J 

—I 

21 

CO 

Ll_ 

3=  uj  cc 

0 

Q_ 

a_ 

QZ 

zz 

3 

31 

Ui 

<c 

—1 

a 

O 

2 

LU 

DC 

2 

UJ 

h- 

0 

LU 

3 

m 

I — 

3 

LU 

O 

0 

3 

CQ 

^ ^ 

X 

. — . 

UJ 

a. 

0 

CQ 

| 

CO 

CD 

x— 

UJ 

0 

#— ** 

— -• 

X 

— - 

X 

0 

IS 

h- 

V— 

c 

X 

LU 

X 

0 

2 

I 

3 

X 

— + 

2 

UJ 

h 

>- 

1 — 

<c 

O 

O 

LU 

CO 

_ 

X 

<C 

UJ 

CO 

>- 

X 

3 

2 

— 

CO 

CD 

0 

S 

00 

<C 

CO 

0 

Z 

CD 

O 

2 

> 

0 

z 

2 

O 

Z 

— 1 

3 

3 

3 

UJ 

O 

_ 

UJ 

_J 

UJ 

— 

UJ 

— 

Cl. 

zz 

“D 

D 

—J 

—I 

21 

2 

0 

a. 

Q_ 

QZ 

cc 

LIQUID  RECOVERY  RATIOS  RECOVERABLE  LIQUIDS 

Bbl/MMcf  (Marketable  Gas)  MILLIONS  OF  BARRELS 


72 


<c 

CO  CO 

vo 

vo 

c\j  ox 

^ _ 

C\J 

O 

C'- 

CO 

VO 

ox 

LA 

VO 

1 — 

•  1 

• 

9 

9  9 

9 

9 

• 

• 

• 

9 

• 

• 

• 

a 

• 

o 

cm 

VO 

OX 

CXI  o 

CO 

LA 

CO 

J" 

C\J 

o 

o 

r^- 

1 — 

CO 

CO 

LA 

o 

o 

' 

vo 

LA 

CM 

CO 

CO  co 

CO 

oo  ox 

C*“ 

CO 

CM 

O 

VO 

CO 

O 

OX 

LA 

O 

CO 

•  ■ 

• 

• 

•  • 

• 

9 

• 

• 

9 

• 

a 

• 

• 

9 

o 

ZD 

CM 

»J3 

VO 

CM  O 

CO 

o 

o- 

CO 

o 

CM 

LA 

O 

O 

VO 

VO 

^ o 

LA 

CO 

VO 

•c — 

Q_ 

LA 

VO 

CO 

UJ 


<c 

I — 
HD 

CO 


CO 

o 

o 


CO 

T _ 

VO 

CO 

OX 

O 

• 

• 

• 

• 

• 

a 

o 

CM 

OX 

ox 

1  CM 

CM 

LA 

a 

A 

CM 


UJ 

CO 

_ 

o 

LA 

CO 

A 

<C 

9 

•  1 

9 

9 

9 

9 

9 

0 

Q_ 

CM 

OX 

ox 

CO 

Df 

1  00 

1 

o 

vo 

O 

or 

Q_ 

C'- 

CM 

ox 

LTV 

CO 

CO 


^  CO 
<C  HD 


O  O 

•  9 

^  OX 


o 

o  o 

O 

o 

O 

a 

a  a 

9 

9 

9 

LA  A- 

CO 

o 

A 

CO 

A 

CM 

CO 

CO 

UJ 

z 

<c 

I — 
ZD 
CO 


o 

OX 


LA 

CM 


<C 

Q_ 

O 

or 

Cl. 


o 

J" 


o 

o 

CO 


in 

co 


— j  < 

CO  cd 


<C  HD 

9 

9 

CO 

1 —  1 — 

CO 

CO 

1- 

UJ  < 

h- 

1- 

z 

^  Z 

2 

2 

<c 

Cd  U- 

A  O 

o 

CM  J- 

A 

c- 

ox 

<c 

c 

_i 

<C  Lu  O 

O  CM 

o 

CO 

oo 

A- 

CM 

_J 

-J 

CL 

Zo“ 

CO  T~ 

CM 

5 —  ▼— 

J*" 

CM 

CL 

Q- 

LU 

CD  | 

* — 

U1 

Ul 

H- 

z  co 

h- 

L— 

c 

—  LU  CO 

< 

C 

cc 

z  >  < 

CC 

cc 

<c 

—  Cd  CD 

c 

< 

CL 

<  UJ 

CL 

CL 

LU 

21  CO 

UJ 

LU 

CO 

UJ  LU 

CO 

CO 

a:  a: 

o 

UJ 

O  ZD 

* 

O 

X 

> 

—  Q 

IS 

— 

— 

CO  UJ 

1- 

CO 

L_ 

CO  __J 

c 

2 

2 

Z 

CC  Q 

— 

— 

— 

H>  2 

nz 

CD 

— D  < 

CD 

Z 

h- 

1— 

H- 

<C 

— 

3 

3 

3 

a  z 

z 

z 

LU 

CO 

O 

O 

O 

z  < 

<c 

c 

Cd 

CO 

c  — 

— 

— 

LU 

a 

o 

Q 

CL 

Q_ 

CL 

CD 

CD 

LU 

LU 

LU 

UJ  CL 

CL 

CL 

— 

o 

— 

— 

— 

CC.  — 

_ 

—  z 

21 

CC 

CD 

a: 

CC 

CC 

O  CO 

CO 

CO  < 

z 

o 

a_ 

Z 

CC 

CC 

CC 

Z  CO 

CO 

CO  — 

3 

z 

UJ 

— 

c 

< 

c 

CC  — 

—  2 

_ 

o 

o 

o 

or 

CO 

O 

o 

CD 

UJ 

—  CO 

CO 

CO  o 

a 

3 

3 

CD 

CO 

Z 

<  CO 

CO 

CO  > 

CC 

a 

O 

LU 

h— 

LU 

CD 

cd 

CD 

O 

-J  — 

_ 

—  UJ 

c 

LU 

UJ 

Z 

CD 

2 

2 

z 

1^4 

CO  21 

21 

z:  o 

o 

_J 

-J 

CD 

<c 

o 

— 

— 

— 

z 

— j 

CC 

CO 

CO 

CO 

o 

Q_ 

Q- 

CO 

CO 

CO 

>- 

LU 

LU 

LU 

LU 

LU 

CO 

a: 

O 

CD 

O 

OO  co 

<c 

O 

O 

o 

— 1 

CD 

i — 

CC 

DC 

CC 

CD  >- 

z 

a_ 

CL. 

Q_ 

2 

o 

, — . 

_l 

CD 

<c 

LU 

a> 

— 

—J 

>- 

LU 

— - 

z 

HD 

a_ 

LU 

Ul 

CC 

_ i 

CO 

LU 

O' 

CC 

LU 

CD 

£3 

CO 

— 

CO 

•c 

'id 

_J 

— 

—1 

LU 

_J 

<c 

< 

<c 

Z 

i — 

LU 

or 

CD 

^ „ 

QC 

> 

2 

Ul 

Ul 

z 

— 

CO¬ 

z 

CM 

o 

O 

a 

_J 

z 

UJ 

U_ 

o 

CO 

— -> 

Z 

CC 

h 

co 

CC 

(3 

CO 

1 — 

CO 

CD 

< 

UJ 

CC 

LU 

u_ 

CD 

— 

_ J 

Q 

z 

LU 

_ 1 

> 

2 

LU 

_j 

Q 

CD 

Ll_ 

— 1 

—1 

o 

CC 

LU 

u 

a: 

h- 

u 

2 

Z 

z 

«< 

LU 

2: 

a_ 

— 

>- 

3 

c 

__ 

— 

o 

21 

— 

CD 

s: 

Ll_ 

CO 

1 — 

IS 

IS 

5 

o 

CO 

Lu 

UJ 

LU 

CO 


z 

h- 

<— > 

LU 

cc 

CO 

>- 

U 

3 

LU 

- - 

UJ 

CC 

o 

> 

LU 

_J 

CD 

o 

cd 

id 

_J 

Ul 

LU 

< 

•< 

2 

h 

— J 

CO 

—1 

> 

2 

LU 

LU 

LU 

O 

a 

X 

2 

Y— 

Cd 

2 

CC 

h 

co 

3: 

CC 

O 

1 — 

< 

Ul 

CC 

Ul 

o 

1 — 

cd 

Z 

> 

z 

LU 

H- 

CO 

LU 

<c 

U 

CC 

L— 

_i 

co 

Z 

GO 

HZ 

-J 

>- 

3 

< 

— 

UJ 

HD 

1 — 

Q_ 

CO 

1 — 

IS 

IS 

CO 

o 

o 


U)  Includes  all  fields  and  other  areas  where  recoverable 

LIQUID  RESERVES  ARE  ESTIMATED  AT  LESS  THAN  FIVE  MILLION 
BARRELS. 
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IV  THE  ESTABLISHED  RESERVES  OF  SULPHUR 
IN  THE  PROVINCE  OF  ALBERTA 


The  Board  estimates  the  remaining  established  reserves  of 
sulphur  in  the  Province  as  of  December  31,  1966,  to  be  some  110 
million  long  tons.  This  represents  an  increase  of  some  11  mil¬ 
lion  long  tons  since  December  31,  1965. 

The  changes  in  the  reserves  during  the  last  year  are  sum¬ 
marized  in  the  following  tabulation. 


Millions  of  Long  Tons 


Remaining  Established  Reserves 


of  Su 1 phu  r  at 

De  cembe  r  3 1 , 

1965 

99 

.  1 

Increase  in  Reserves  during 

1966 

12 

.  3 

Production  during  1966 

1 

.  7 

Remaining  Established  Reserves 
of  Sulphur  at  December  31,  1966 

109 

.  7 

The  most  significant  changes  during  1966 

occurred 

in  the 

p lant  s  or  areas 

shown  b e low . 

Board's  Estimate  as 

o  f 

Dec.  31, 
1965 

Dec.  31, 
1966 

Change 

Plant  or  Area 

(Mi 1 1 ions 

of  Long 

Tons  ) 

Remarks 

Co leman 

2.7 

1 . 2 

-1.5 

Decrease 

reserves 

in  gas 

Crossfield 

15.2 

19.8 

+  4.6 

Increase 

reserves 

recovery 

in  gas 
and  in 
efficiency 

Crossfield  East 

11.9 

18.4 

+  6 . 5 

Increase 

reserves 

recovery 

in  gas 
and  in 
efficiency 

P ine  Creek 

5 . 4 

3.0 

-2.4 

Decrease 

re  serve  s 

in  gas 

Pine  North-west 


1.  1 


+  1. 1 


Recognition  of 
sulphur  reserves 


The  established  reserves  of  sulphur  are  defined  as  those 
recoverable  reserves  in  fields  from  which  sulphur  is  currently 
being  recovered  or  where,  in  the  opinion  of  the  Board,  sulphur 
will  be  recovered  in  the  future.  Table  IV-1  is  a  list  of  indi¬ 
vidual  fields  with  established  reserves  of  greater  than  one  mil¬ 
lion  long  tons.  Reserves  in  smaller  fields  or  in  confidential 
pools  are  not  listed  individually  but  are  included  in  the  Provin¬ 
cial  total . 

The  table  has  been  prepared  by  applying  the  appropriate 
hydrogen  sulphide  content  and  recovery  efficiency  to  the  remaining 
established  reserves  of  gas  in  each  pool.  Where  sulphur  is 
currently  being  recovered,  the  recovery  efficiency  is  as  specified 
in  the  plant  approval  or,  where  not  specified,  it  is  based  upon 
plant  experience.  Where  sulphur  is  expected  to  be  produced  in 
the  future,  the  recovery  efficiency  has  been  estimated  at  90  per 
cent. 

The  remaining  established  reserve  of  110  million  long  tons 
of  sulphur  shown  in  Table  IV-1  does  not  include  any  allowance  for 
sulphur  which  will  be  recovered  from  the  Athabasca  oil  sands. 

Some  four  million  long  tons  of  sulphur  is  expected  to  be  recovered 
in  conjunction  with  the  approved  scheme  of  Great  Canadian  Oil 
Sands  for  the  processing  of  the  oil  sands  in  its  lease  in  the  Fort 


McMurray  Area. 


ESTABLISHED  RESERVES  OF  SULPHUR  IN  THE  PROVINCE  OF  ALBERTA,  DECEMBER  31,  1966 
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V  TRENDS  IN  EXPLORATORY  DRILLING  AND  IN  THE  GROWTH  OF 

RESERVES  OF  CRUDE  OIL  AND  GAS  IN  THE  PROVINCE  OF  ALBERTA 

Int  rodu  ct ion 

The  analysis  presented  in  this  section  relates  to  the  overall 
growth  in  reserves  of  oil  and  gas,  to  the  anticipated  appreciation 
of  currently  established  reserves  and  to  the  estimation  of  ulti¬ 
ma  te  reserves. 

The  "trends"  section  of  last  year's  report  included  several 
changes  in  the  methods  employed  by  the  Board  in  analysing  oil  and 
gas  reserve  appreciation.  No  further  changes  have  been  intro¬ 
duced  in  this  report.  However,  the  Board  is  continuing  to  give 
consideration  to  the  elimination  of  undesirable  differences  of 
treatment  between  oil  and  gas  reserves,  and  in  particular  atten¬ 
tion  is  being  paid  to  the  feasibility  of  uniformity  of  classifica¬ 
tion  of  oil  and  gas  reserves. 

Method  of  Analysis 

1 .  Overa 1 1  Trends 

Estimates  of  overall  or  long  term  trends  are  based  on  an 
assessment  of  average  reserve  growth  experienced  over  periods  of 
fifteen  to  twenty  years  and  an  examination  of  the  slopes  of 
reserve  growth  curves. 

2 .  Appreciation  of  Established  Reserves 

Generally,  estimates  of  future  appreciation  of  established 
reserves  have  been  compiled  by  examining  trends  in  appreciation 
as  a  function  of  years  since  the  discovery  year.  Appreciation 
factors  have  been  computed  by  employing  several  methods  of 
approach,  including  relating  subsequent  reserve  growth  for 
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reserves  discovered  in  a  particular  discovery  year  to  the  initial 
estimates  and  aggregating  the  appreciation  experienced  by  all 
reserves  over  successive  years.  To  obtain  estimates  of  average 
appreciation,  the  appreciation  factors  have  been  smoothed  by 
various  procedures  and  curves  constructed  to  eliminate  erratic 
elements.  It  should  be  emphasized  that  the  wide  variation  in  the 
growth  pattern  of  reserves,  particularly  with  respect  to  oil, 
limits  the  suitability  of  application  of  the  average  appreciation 
curves  computed  for  any  individual  case. 

3 .  Ultimate  Reserves 

There  are  two  general  methods  commonly  used  in  estimating  the 
ultimate  reserves  of  gas  or  crude  oil  in  an  area:  the  geological 

or  volume  of  sediments  method  and  the  statistical  method. 

In  the  geological  method,  an  estimate  is  made  of  the  volume 
of  sediments  favourable  to  the  accumulation  of  oil  or  gas,  to 
which  an  estimated  ultimate  reserve  of  oil  or  gas  per  unit  of 
sediment  is  applied.  The  reserve  per  unit  of  sediment  is  based 
on  evidence  obtained  from  areas  that  are  geologically  similar,  but 
have  experienced  substantially  more  extensive  exploration  than  the 
area  under  investigation.  The  method  is  useful  primarily  in 
estimating  ultimate  reserves  for  a  relatively  large  area.  Its 
reliability  depends  on  the  validity  of  the  assumption  that  evi*- 
dence  related  to  one  area  may  be  applied  to  another. 

The  statistical  method  concerns  the  numerical  analysis  of 
reserve  data  in  a  particular  area.  Frequently  this  approach 
involves  the  determination  of  reserves  discovered  per  exploratory 
well  or  footage  drilled. 
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The  Board  has  also  given  consideration  to  the  direct  extra¬ 
polation  of  the  historical  trend  in  the  growth  of  established 
reserves . 

Exploratory  Wells 

The  Board  employs  the  Lahee  system  of  well  classification 
utilized  by  the  American  Association  of  Petroleum  Geologists  and 
by  the  Alberta  Society  of  Petroleum  Geologists.  However,  the 
Board  excludes  outpost  wells  from  its  definition  of  exploratory 
wells.  The  category  of  total  exploratory  wells  as  used  in  this 
report  comprises 

(a)  new  field  wildcats, 

(b)  new  pool  wildcats, 

(c)  shallower  pool  tests,  and 

(d)  deeper  pool  tests. 

Totals  of  the  exploratory  wells  drilled  each  year  are 
presented  graphically  in  Figure  V-l  for  the  period  1948  through 
1966.  Cumulative  exploratory  wells  drilled  to  the  end  of  1966 
total  8,254.  As  discussed  in  several  earlier  reports,  the  Board 
believes  that  an  ultimate  density  of  one  exploratory  well  per  ten 
square  miles  of  prospective  area  is  reasonable,  and  consequently 
estimates  that  about  20,000  exploratory  wells  will  eventually  be 
drilled  in  Alberta. 

Trends  in  the  Growth  of  Crude  Oil  Reserves 

Table  V-l  lists  for  each  year  from  1946  the  number  of  explo¬ 
ratory  wells  drilled,  the  significant  oil  pools  discovered  (essen¬ 
tially  those  of  reserves  of  over  five  million  barrels)  and  the 
December  31,  1966,  estimate  of  the  initial  proved  reserves 
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disc  ove  re  d  „  The  number  of  exploratory  wells  and  the  reserves  are 
given  both  for  the  year  and  as  cumulative  figures  to  the  year  end. 
The  reserve  figures  correspond  to  those  presented  in  column  4  of 
Table  I-l  (Section  I). 

Figure  V-2  is  a  graphical  presentation  of  the  December  31, 
1966,  reserve  data  and  the  corresponding  Board  estimates  of 
reserves.  The  spread  on  Figure  V-2  between  any  two  points  for  a 
particular  year  represents  the  change  during  the  period  in  the 
Board  estimates  of  reserves  discovered  to  the  end  of  that  year. 
This  change  is  due  to  re-appraisal  of  the  reserves. 

In  previous  reports,  the  Board  has  adopted  a  long  term  growth 
rate  in  initial  proved  reserves  of  370  million  barrels  per  year. 
Over  the  past  three  years  the  actual  growth  has  been  at  a  rate 
considerably  above  this  long  term  trend,  averaging  some  1,171 
million  barrels  per  year.  Over  the  past  15  years  growth  has 
averaged  some  500  million  barrels  per  year.  Much  of  the  recent 
growth  in  reserves  is  attributable  to  the  application  of  enhanced 
recovery  methods  and  to  the  more  intensive  re-appraisal  of  the 
reserves  in  certain  pools  following  the  first  annu  al  reserve  hear¬ 
ing  in  1965. 

The  Board  believes  the  trend  exhibited  by  this  data  provides 
sufficient  evidence  to  warrant  a  revision  in  the  long  term  rate. 
Accordingly,  the  Board  has  re-examined  the  growth  in  reserves  over 
the  past  15  to  20  years  and  now  concludes  that  an  appropriate  long 
term  rate  would  be  some  450  million  barrels  per  year,  as  illustra¬ 
ted  by  the  red  line  in  Figure  V-2. 

The  exploratory  drilling  and  proved  initial  crude  oil 


-81- 


reserves  data  of  Table  V-l  are  summarized  by  year  of  discovery  in 
Table  V-2.  In  addition,  the  table  shows  the  proved  initial  crude 
oil  reserves  estimated  by  the  Board  as  of  December  31,  1966,  per 
exploratory  well  drilled  for  each  year  and  on  a  cumulative  basis. 
The  trend  in  the  growth  of  oil  reserves  per  exploratory  well  is 
presented  graphically  as  the  solid  lines  in  Figure  V-4. 

Figure  V-4  illustrates  the  erratic  year  by  year  record  of 
reserves  growth  per  exploratory  well  and  the  more  consistent  trend 
in  the  cumulative  figures.  The  fact  that  recently  discovered 
reserves  are  expected  to  undergo  significant  appreciation  both 
through  development  and  the  institution  of  enhanced  recovery 
methods  must  be  considered  in  any  interpretation  of  apparent 
trends  . 

In  order  to  obtain  a  measure  of  the  appreciation  which  may 
be  expected  in  recently  discovered  reserves,  an  analysis  was  made 
of  the  year  by  year  appreciation  of  99  individual  pools,  contain¬ 
ing  some  94  per  cent  of  the  initial  proved  reserves  in  the  Pro¬ 
vince,  grouped  by  year  of  discovery.  The  appreciation  was 
measured  by  the  ratio  of  the  year  end  reserve  estimate  at  any  time 
to  the  reserve  as  estimated  at  the  end  of  the  discovery  year. 

The  results  of  the  analysis  are  presented  in  Figure  V-3  as 
separate  lines  for  each  ye ar- o f-d i s cove ry  group.  The  apprecia¬ 
tion  lines  for  the  different  groups  of  pools  exhibit  wide  varia¬ 
tion,  as  is  to  be  expected.  The  1955  and  1956  pools  have 
appreciated  only  modestly  while  the  1954,  1957,  1958  and  1960 
pools  have  undergone  tremendous  growth.  This  degree  of  variation 
is  due  in  part  to  the  nature  of  the  pools  themselves,  but  more  to 
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the  vagaries  of  timing  of  their  discovery,  and  in  particular  to 
whether  they  were  discovered  near  the  beginning  or  near  the  end 
of  the  discovery  year.  Clearly  pools  discovered  near  the  end  of 

the  discovery  year  would  undergo  much  greater  relative  apprecia- 

% 

tion  in  future  years.  An  average  appreciation  trend  has  been 
constructed  from  values  of  successive  year  appreciation  factors. 

The  factors  were  defined  as  the  ratio  of  the  sum  of  reserves  for 
a  certain  year  after  discovery  to  the  sum  of  corresponding  values 
in  the  preceding  year.  The  factors  were  adjusted  for  anomalous 
elements  and  smoothed  to  derive  the  cruve .  The  smooth  curve  is 
shown  as  the  red  line  labelled  "Normal  Appreciation"  on  Figure  V-3. 
The  line  indicates  that  "normally"  a  reserve  might  be  expected  to 
appreciate  six-fold  after  three  years,  10-fold  after  nine  years, 
and  some  11-fold  after  15  years.  While  actual  cases  are  bound 
to  vary  widely  from  the  normal  curve,  as  for  example  do  the  groups 
of  pools  discovered  in  1955,  1956,  1958  and  1960,  the  Board 

believes  that,  used  wit'h  understanding  and  caution,  the  normal 
appreciation  curve  may  be  helpful  in  assessing  trends  in  the 
growth  of  reserves. 

To  facilitate  the  use  of  the  normal  appreciation  curve,  a 
second  scale  is  shown  on  the  right-hand  side  of  Figure  V-3.  This 
scale  permits  the  "normal  appreciation  factor"  to  be  read  directly 
from  the  normal  appreciation  line.  The  factor  is  defined  as  the 
number  by  which  a  reserve  estimate  made  a  given  number  of  years 
after  the  discovery  year  should  be  multiplied  to  obtain  an  esti¬ 
mate  of  the  fully  appreciated  reserve. 

The  appreciation  factor  is  applied  in  Table  V-3  to  the  pools 
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group  e  d  by  year  of  discovery.  Column  6  of  this  table  gives  the 
annual  appreciated  initial  proved  reserves  determined  by  multiply¬ 
ing  the  December  31,  1966,  estimate  for  the  various  year  groups 

by  the  appropriate  normal  appreciation  factor.  In  column  7,  the 
appreciated  initial  reserve  figures  given  in  column  6  are  cumula¬ 
ted.  The  table  also  gives  the  appreciated  reserves  per  explora¬ 
tory  well  on  both  an  annual  and  a  cumulative  basis.  These  latter 
figures  are  plotted  as  the  dashed  lines  in  Figure  V-4  where  they 
give  some  measure  of  the  significance  of  "normal"  reserve 
appreciation  on  the  trend  of  the  annual  and  cumulative  discoveries 
per  exploratory  well. 

These  figures  suggest  that  the  initial  proved  reserves  for 
currently  existing  pools,  estimated  as  of  December  31,  1966,  at 

9.0  billion  barrels,  may  be  expected  to  appreciate  to  some  13.3 
billion  barrels  by  the  time  all  such  pools  are  fully  developed  and 
enhanced  recovery  operations  implemented  where  appropriate. 

It  should  be  noted  that,  since  the  trends  in  reserve  growth 
and  appreciation  are  both  based  upon  the  historical  record,  they 
represent  a  technology  changing  at  the  rate  of  the  recent  past. 

When  applied  to  the  future,  they  indirectly  incorporate  the  assump¬ 
tion  of  a  similarly  changing  technology.  Also,  the  estimates 
assume  the  normal  appreciation  derived  from  the  average  of  several 
year  groups.  This  will  probably  provide  reasonable  cumulative 

figures,  but  the  indicated  pattern  of  growth  for  reserves  dis- 

* 

covered  in  recent  years'  -cbuld  be  significantly  in  error. 

Ultimate  Reserves 


The  Board  mas  made  several  estimates  of  the  ultimate  initial 
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proved  reserves  of  conventional  crude  oil  in  Alberta.  It  has 
projected  the  long  term  growth  rate  of  430  million  barrels  per 
year  on  a  declining  basis  over  some  30  years  and  projected  the 
cumulative  appreciated  reserves  discovered  per  exploratory  well, 
also  on  a  declining  basis,  to  a  total  of  some  20,000  exploratory 
wells.  In  addition,  the  Board’s  Geological  Department  has  made 
estimates  based  upon  the  volume  of  favourable  sediments  and  aver¬ 
age  accumulation  factors.  None  of  these  approaches  provides  a 
reliable  or  definitive  estimate  but  they  suggest  that  the  ultimate 
initial  proved  reserves  of  Alberta  will  be  of  the  order  of  18  bil¬ 
lion  barre Is . 

Trends  in  the  Growth  of  Gas  Reserves 

The  currently  estimated  initial  marketable  gas  reserves, 
presented  in  Section  II,  are  tabulated  in  Table  V-4  by  year  of 
discovery.  In  this  table,  the  fields,  pools  or  areas  having 
reserves  of  10  billion  cubic  feet  or  over  are  listed  by  year  of 
discovery,  together  with  the  annual  number  of  exploratory  wells 
drilled  and  the  Board’s  present  estimate  of  the  initial  marketable 
reserves  discovered  in  each  year.  The  number  of  exploratory 
wells  and  the  reserves  are  given  both  for  the  year  and  as  cumula¬ 
tive  figures  to  year  end. 

Figure  V-5  is  a  graphical  presentation  of  these  data  and  of 
similar  data  for  previous  Board  reserve  estimates.  As  indicated 
by  the  dashed  line  on  Figure  V-5,  the  long  term  growth  of  initial 
marketable  gas  reserves  due  to  new  discoveries  and  to  appreciation 
of  known  reserves  has  been  about  2.5  trillion  cubic  feet  per  year. 
The  spread  on  Figure  V-5  between  any  two  estimates  for  a  particular 
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year  represents  the  amount  of  appreciation  of  reserves  discovered 
to  the  end  of  that  year  that  has  taken  place  during  the  period 
between  the  estimates. 

The  actual  growth  in  initial  gas  reserves  has  been  1.4  tril¬ 
lion  cubic  feet  over  the  past  year,  has  averaged  2.3  trillion 

cubic  feet  per  year  over  the  past  five  years  and  2.5  trillion 

cubic  feet  per  year  over  the  past  ten  years,  the  latter  being  the 

same  as  the  average  rate  of  growth  over  the  long  term  trend  shown 

in  F igur e  V- 5 . 

The  exploratory  drilling  and  initial  gas  reserve  data  of 
Table  V-4  are  summarized  by  year  of  discovery  in  Table  V-5.  In 
addition,  the  table  shows  the  reserves  as  estimated  at  December  31, 
1966,  per  exploratory  well  drilled  calculated  on  an  annual  and  a 
cumulative  basis.  The  reserves  per  exploratory  well  drilled  are 
also  presented  graphically  on  an  annual  and  cumulative  basis  as 
part  of  Figure  V-7. 

As  in  previous  reports,  the  appreciation  of  gas  reserves  in 
the  years  following  discovery  has  been  analysed  in  order  to  esti¬ 
mate  the  possible  further  appreciation  of  existing  discoveries. 

The  method  used  consists  of  determining  for  reserves  discovered 
in  various  years  the  ratio  of  the  estimated  initial  gas  reserves 
for  successive  years  following  discovery  to  the  estimated  initial 
reserves  at  the  end  of  the  discovery  year.  Data  for  discoveries 
made  in  each  of  the  years  1951  to  1965  inclusive  are  plotted  in 
Figure  V-6.  A  smoothed  re s erve - we i gh t ed  appreciation  curve  was 
derived  and  is  shown  in  red  in  the  figure.  The  representative 
appreciation  curve  tends  to  level  off  at  a  ratio  of  5.2  after 
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approxima te ly  ten  years,  at  which  time  it  is  assumed  that  the 
average  gas  reserve  is  fully  appreciated.  This  compares  to  the 
ratio  of  about  5.0  after  ten  years,  projected  in  last  year's 
report . 

As  in  the  case  of  the  appreciation  of  oil  reserves  shown  in 
Figure  V- 3 ,  a  second  scale  is  included  on  the  right-hand  side  of 
Figure  V-6.  This  scale  permits  the  "normal  appreciation  factor" 
to  be  read  directly  from  the  normal  appreciation  curve. 

The  current  gas  reserve  estimate  has  been  adjusted  to  reflect 
the  future  appreciation  indicated  by  the  smoothed  curve  shown  in 
Figure  V-6.  The  appreciation  factors  used  and  the  adjusted 
reserves  are  presented  in  Table  V-6.  Initial  gas  reserves  in 
existing  pools,  now  estimated  to  total  almost  44.4  trillion  cubic 
feet,  are  expected  to  further  appreciate  eventually  by  over  three 
trillion  cubic  feet  to  some  47.5  trillion  cubic  feet.  Table  V-6 
also  shows  the  fully  appreciated  gas  reserves  per  exploratory  well 
on  both  an  annual  and  cumulative  basis.  These  data  are  also 
presented  graphically  in  Figure  V~7. 

Tables  V- 5  and  V-6  and  Figure  V~7  show  that  the  gas  reserves 
discovered  per  exploratory  well  drilled  continued  to  decline,  as 
discussed  in  the  Board's  last  report.  However,  it  should  be 
emphasized  again  that  the  main  purpose  of  this  analysis  is  to 
establish  a  long  term  trend  in  the  growth  of  gas  reserves,  and  the 
data  or  trend  of  the  data  for  any  particular  year  or  limited 
period  require  careful  interpretation. 

Ultimate  Reserves 

As  in  the  case  of  oil,  the  Board  has  made  several  estimates 
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of  the  ultimate  initial  reserves  of  gas  in  the  Province.  It  has 
projected  the  long  term  growth  rate  of  2.5  trillion  cubic  feet  per 
year  on  a  declining  basis  over  a  period  of  some  30  years  and  has 
also  projected  the  cumulative  appreciated  reserves  discovered  per 
exploratory  well  drilled,  on  a  declining  basis,  to  a  total  of  some 
20,000  exploratory  wells.  In  addition,  the  Board's  Geological 
Department  has  made  estimates  based  upon  the  volume  of  favourable 
sediments  and  average  accumulation  factors.  The  Board  has  also 
received  considerable  evidence  from  industry  as  to  the  ultimate 
gas  reserves  in  the  Province.  The  most  recent  industry  estimates 
presented  to  the  Board  were  discussed  in  detail  in  Appendix  B  of 
OGCB  Report  64-11^^.  On  the  basis  of  the  estimates  available 
from  industry  and  its  own  studies,  the  Board  continues  to  believe 
that  it  is  reasonable  to  expect  the  ultimate  gas  reserves  for  the 
Province  to  approximate  100  trillion  cubic  feet. 


(1) 


Report  on  the  Applications  of  Trans-Canada  Pipe  Lines  Limited 
and  Alberta  and  Southern  Gas  Co.  Ltd.  under  The  Gas  Resources 
Preservation  Act,  1956.  November,  1964. 
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1948  124  679  Morinville,  Pincher  Creek,  Redwater  (Viking  and  Leduc),  and  Six  Small  Pools.  729  7,416 


INITIAL  MARKETABLE  RESERVES 

NUMBER  OF  EXPLORATORY  AS  OF  DECEMBER  31,  1966 

WELLS  DRILLED 
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OIL  AND  GAS  CONSERVATION  BOARD 
CALGARY,  ALBERTA  MAY,  1967 


PROVED  INITIAL  RESERVES  -  BILLIONS  OF  BARRELS 
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FIGURE  V- 2  -  GROWTH  OF  PROVED  INITIAL  CRUDE  OIL  RESERVES 


OIL  AND  GAS  CONSERVATION  BOARD 
CALGARY  ALBERTA  MAY,  1967 
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AT  THE  END  OF  THE  DISCOVERY  YEAR 
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FIGURE  V-5-  GROWTH  OF  INITIAL  MARKETABLE  GAS  RESERVES 


OIL  AND  GAS  CONSERVATION  BOARD 
CALGARY,  ALBERTA  MAY,  1967 
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VI  ALBERTA  CRUDE  OIL  PRODUCTIVE  CAPACITY 

f*-  ; 

An  estimate  of  the  Province's  crude  oil  productive  capacity 
is  presented  in  this  section.  The  Board  has  not  prepared  a  com¬ 
prehensive  estimate  of  the  Province's  crude  oil  productive  capa¬ 
city  since  changes  were  made  to  the  proration  scheme  in  May,  1965, 
including  the  changes  in  the  procedures  governing  maximum  rates 
of  oil  production.  The  Board  believes  it  desirable  that  such  an 
estimate  be  made  and  published  annually.  It  believes  that  the 
assessment  should  have  regard  for  both  the  potential  and  the 
developed  capacity  of  existing  pools  and  should  examine  the  limi¬ 
tation  on  movements  of  crude  oil  imposed  by  field  facilities  and 
pipe  line  systems  within  the  Province. 

In  making  its  estimate  of  crude  oil  productive  capacity,  the 
Board  has  placed  primary  importance  on  a  detailed  assessment  of 
the  capacity  of  the  thirty  or  so  largest  pools  in  the  Province 
which  contain  some  85  per  cent  of  the  Province's  reserves  and  a 
commensurate  proportion  of  its  productive  capacity.  '  These  pools 
are  those  having  initial  reserves  of  over  50  million  barrels. 

To  provide  assistance  in  the  preparation  of  its  tabulation,  the 
Board  requested  the  operators  in  these  major  pools  to  submit 
information  on  productive  capacity  at  the  February  reserve  hearing, 
particularly  concerning  developed  wellhead  capacity  and  facility 
limitations.  For  the  remaining  pools,  the  Board  made  its  own 
estimates  based  upon  recent  production  history  and  its  general 
knowledge  of  the  pools.  The  Board  also  contacted  pipe  line  com¬ 
panies  for  estimates  of  pipe  line  capacity. 

On  the  basis  of  the  data  supplied  by  industry  and  information 
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possessed  by  the  Board,  the  Board  has  prepared  estimates  of  four 
types  of  productive  capacity.  The  types  are:  (1)  Maximum 

Efficient  Reservoir  Capacity,  (2)  Developed  Wellhead  Capacity, 

(3)  Developed  Capacity  Adjusted  for  Field  and  Processing  Facility 
Limitations,  (4)  Developed  Capacity  Adjusted  for  Pipe  Line  System 
Limitations.  The  definitions  of  each  are  given  below. 

(1)  Maximum  Efficient  Reservoir  Capacity:  the  estimated 

sustainable  productive  capacity  of  a  pool  at  maximum  economic 
exploitation  rate,  without  detriment  to  ultimate  recovery.  This 
was  estimated  using  both  established  MER's  and  MRL 1 s  calculated 
from  the  PRL  formula,  adjusted  where  appropriate  to  reflect 
engineering  judgment  and  reservoir  knowledge. 

(2)  Developed  Wellhead  Capacity:  the  estimated  physical 

sustainable  capacity  of  existing  wells  in  a  pool  which  now  exists 
or  may  be  achieved  within  a  short  term  period  of  approximately  one 
month,  subject  to  any  regulatory  maximum  restriction.  The  esti¬ 
mate  includes  allowance  for  minor  well  adjustments,  such  as 
changes  in  choke  settings,  but  not  for  more  extensive  work  such 

as  re c omp le t ion s  and  pump  installation. 

(3)  Developed  Capacity  Adjusted  for  Field  and  Processing 

Facility  Limitations:  the  estimated  capacity  having  regard  to 

limitations  attributable  to  separation,  tankage,  gathering,  pro¬ 
cessing,  injection  and  other  field  facilities. 

(4)  Developed  Capacity  Adjusted  for  Pipe  Line  System  Limita¬ 
tions:  the  estimated  capacity  having  regard  to  limitations  of  the 

main  pipe  line  systems  within  the  Province. 

Restrictions  due  to  gathering  lines  are  included  in  category 
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(3)  above.  The  Board's  assessment  is  shown  in  Table  VI-1.  Only 
major  pools  are  shown  separately  and  these  have  been  classified 
by  main  pipe  line  system.  The  entries  in  any  category  column  are 
the  lesser  of  the  limitation  imposed  by  that  category,  or  the 
limitation  imposed  by  the  preceding  category.  The  data  are  thus 
in  declining  sequence,  left  to  right,  since  for  each  column  any 
entry  is  either  equal  to  or  less  than  the  corresponding  entry  in 
the  column  to  the  left.  The  bracketed  letters  after  those 
entries  in  column  3  which  impose  a  restriction  indicate  the  nature 
of  the  restriction. 

The  table  shows  the  Maximum  Efficient  Reservoir  Capacity  of 
the  Province  as  some  2  million  barrels  per  day  which,  if  related 
to  the  Province's  remaining  crude  oil  reserves,  would  result  in  a 
life  index  of  some  nine  years.  The  Board  believes  this  to  be 
reasonable.  As  is  to  be  expected,  the  developed  wellhead  capa¬ 
city  of  some  1.4  million  barrels  per  day  is  considerably  less  than 
the  potential  figure.  The  total  capacity  adjusted  for  field  and 
processing  facility  limitations  of  approximately  900,000  barrels 
per  day  is  just  over  60  per  cent  of  the  developed  wellhead  capa¬ 
city.  The  provincial  capacity  adjusted  for  main  pipe  line 
facility  limitations  is  about  800,000  barrels  per  day  or  about  55 
per  cent  of  the  developed  wellhead  capacity.  As  a  matter  of 
interest,  the  average  production  of  crude  oil  during  1966  was  some 
555,000  barrels  per  day,  representing  about  38  per  cent  of  the 
developed  wellhead  capacity  and  62  and  69  per  cent  respectively 
of  the  capacity  adjusted  for  field  and  for  main  pipe  line  limita¬ 


tions  . 
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Also  of  interest  is  the  capacity  of  current  pipe  line  systems 
to  move  oil  from  the  Province.  There  are  three  lines  involved: 
Trans  Mountain,  Interprovincial  and  Aurora.  The  combined  capa¬ 
city  of  these  lines,  based  on  published  information  and  informa¬ 
tion  supplied  directly  to  the  Board,  is  some  700,000  barrels  per 
day . 
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